Bantam chickens are small, and so are bantam mutant Drosophila flies. Over the last ten years, many labs have provided experimental evidence for a role of this locus in growth control in flies. The bantam (ban) locus was first discovered in genetic screens for genes whose overexpression in the larval imaginal discs cause a growth defect [1, 2] . Targeted expression of bantam induces tissue overgrowth, whereas a deletion of the locus leads to animals that are only about half the size of normal flies. bantam was the first Drosophila miRNA-encoding gene to be identified, and the cloning in 2003 of this 90 nucleotide-long gene by Brennecke and Cohen [3] was a tour de force that laid the foundation for further study of miR biology in Drosophila. Since then, the 238 miRNAs of the fly genome have been identified and powerful bioinformatics tools have been used to predict their potential targets. According to such predictions, the bantam miRNA can match sequences present on the mRNA of about 700 genes, although only five targets have been properly identified yet (Hid [3] , Mei-P26 [4] , Enabled [5] , Capicua [6] and Socs36E [7] ). The growth-promoting effect of bantam at the cellular level could be due to a combined action on several of these targets, although the molecular details are not clarified, yet. A new study in Current Biology by Boulan et al. [8] now shows that bantam also prevents the production of the steroid hormone ecdysone, a systemic inhibitor of tissue growth. This exciting work suggests that, despite its initial characterization as a cell-autonomous growth inducer, bantam could exert a large part of its effects on tissue and body size through systemic control.
Organismal growth is a complex process involving both local and systemic controls. Organs follow an autonomous growth program relying on the function of short-range molecules called morphogens that establish tissue patterning and size [9] . The Hippo tumor-suppressor pathway is a major effector of tissue growth, and studies in flies have shown that Yorkie, a transcriptional activator of the Hippo pathway, drives proliferation and inhibits apoptosis through expression of bantam [10, 11] . Similarly, bantam is an effector of other signaling pathways involved in tissue patterning, such as Notch, Dpp and EGFR [5, 6, 12, 13] . Therefore, as a cell-autonomous growth inducer, bantam plays an important role in signaling pathways involved in tissue growth and patterning.
In addition, growth is also controlled in a systemic manner, and two conserved hormonal pathways oppose each other in the determination of a fly's final size. The insulin/IGF signaling (IIS) pathway promotes growth and metabolic homeostasis. As in most animal species, it allows growth adaptation to variations in nutritional input through the controlled production and release of insulin-like peptides (ILPs) [14] . When nutrients are available, ILPs are released and general IIS is activated, promoting animal growth. This activating force is antagonized by a brake operated by the steroid hormone ecdysone. Ecdysone is the molting hormone of insects, providing the temporal signal for various developmental transitions and, more specifically, determining the time for pupariation and maturation at the end of larval development [15] . Ecdysone is mainly produced by the prothoracic gland. It is released in hemolymph, enters the cells, binds to the heterodimeric nuclear receptor EcR/Usp and activates a cascade of nuclear hormone receptors involved in various developmental processes. Whereas high concentrations of ecdysone are required for its role as a developmental timer, basal ecdysone levels contribute to the inhibition of tissue growth [16] . This is achieved at least in part through EcR activation and Myc repression in the fat body -a larval tissue functionally homologous to the vertebrate liver and fat tissuewhich in turn inhibits general insulin/ IGF signaling by a yet unknown mechanism [17] . Interestingly, IIS itself activates ecdysone biosynthesis in the prothoracic gland, therefore closing the loop of a perfect feedback regulation of ecdysone signaling on insulin/IGF signaling ( Figure 1 ). As seen commonly for biological systems, the significance of this feedback loop could be to provide a counterbalancing force to the positive effects of IIS, providing fine-tuning on tissue growth. The systemic control is permissive, superimposing onto tissue-autonomous regulation and setting the range of final organ size according to environmental variations. But the mechanisms coupling the two modes of growth control are largely unknown. In their new study, Boulan et al. [8] now bring strong evidence that bantam miRNA could be at the crossroads of these regulatory interactions.
As is often the case, the initial observation made by Boulan et al. [8] was subtle but decisive: as previously described, ban D1 mutants die as small pupae but more interestingly, animals lack small anterior antenna-like structures called anterior spiracles that are used for breathing. This phenotype is reminiscent of a defect in the production of ecdysone at the time of metamorphosis. Indeed, ban D1 mutant animals present excess activation of ecdysone signaling, raising the possibility that the observed growth defect could be caused by excess ecdysone production. Intriguingly, the ban D1 mutant phenotype is efficiently rescued by ban expression targeted to the prothoracic gland, further supporting a role of bantam in ecdysone production and systemic growth control. Conversely, ban overexpression in the prothoracic gland of wild-type larvae produces larger animals with reduced circulating ecdysone levels. Closer observation reveals that mild overexpression of bantam in the prothoracic gland affects the larval growth rate but not the time at pupariation. By contrast, robust overexpression of ban in the prothoracic gland fully represses EcR signaling, leading to a developmental arrest before pupariation. These results are reminiscent of previous work demonstrating the role of IIS for ecdysone production in the prothoracic gland [16, 18, 19] . Indeed, Boulan et al. [8] identify a functional link between IIS and bantam expression: insulin/IGF signaling in the prothoracic gland represses bantam, which itself represses ecdysone production. This indicates that bantam is a key modulator of IIS-mediated activation of ecdysone production in this organ (Figure 1) . Therefore, bantam acts on tissue growth by two distinct mechanisms: first, by cell-autonomous activation of proliferation and inhibition of apoptosis downstream of the patterning and growth pathways; second, by systemic growth activation through the repression of ecdysone production in the prothoracic gland.
Several imaginal discs and pupal size. This indicates that bantam can promote disc and body growth through systemic control, but it does not say to what extent this control is required for organ growth in physiological conditions. This could be addressed by specifically depleting bantam in the prothoracic gland using a 'miRNA sponge'. Such an experiment would also provide an evaluation of the remaining contribution of bantam-mediated autonomous growth after removal of the systemic control. A recent study using a bantam sponge in the wing disc reports only a moderate 20% reduction of adult wing size [6] . This indicates either that the 'sponge' has limited effects on ban function, or that autonomous growth by bantam contributes only 20% of wing disc growth, which would be in line with the rescue data presented by Boulan et al. [8] . Another issue concerns the temporal regulation of systemic growth by bantam. Boulan et al. [8] present evidence that ban activity in the prothoracic gland decreases at the end of larval development. This nicely coincides with the time when ecdysone production peaks in preparation for the larval/pupal transition. But it does not fit with the general reduction of IIS observed during late larval development. Therefore, a mechanism that does not rely on IIS triggers bantam inhibition during late larval stage. One could speculate that high ecdysone levels inhibit bantam expression, but there is no experimental evidence for such reciprocal inhibition. Alternatively, bantam repression could be an effector of the developmental timer operating during larval/pupal transition. Further work on the developmental regulation of bantam in the PG should bring valuable information. Finally, the molecular mechanism by which bantam represses ecdysone biosynthesis remains elusive. Although several genes encoding ecdysone biosynthesis enzymes are repressed upon bantam overexpression, they are not directly targeted by the miRNA, suggesting that ban acts on one or several unidentified upstream genes.
New lines of research are now opening, which should improve our knowledge on the complex gene network involved in the control of ecdysone production. Interestingly, the family of bantam orthologs in the nematode Caenorhabditis elegans (the miR-58 family) controls growth and the decision to enter the dauer state, a developmental transition induced by environmental stress and controlled through an interplay between IIS and steroid hormone signaling. This suggests that the bantam miRNA family carries essential and conserved functions in coupling insulin signaling with steroid production. It also illustrates the major emerging role played by miRNAs in managing complex gene networks controlling developmental decisions [20] . (A) In growing larvae, systemic growth is controlled by a balance between basal levels of insulin and ecdysone. Nutrition is sensed by the fat body, which regulates circulating levels of ILPs and general insulin signaling. bantam is part of a feedback loop where insulin promotes activation of ecdysone production, which in turn inhibits general insulin signaling. (B) At the larva-to-pupa transition, bantam expression is reduced, concomitant with a strong increase in ecdysone production. However, insulin signaling is low, suggesting that bantam expression is repressed by an unknown mechanism.
